Several substituted 3'-azido-3'-deoxythymidine derivatives have been theoretically investigated by performing the BLYP to obtain approximate minimum energy structures, as well as the DZVP basis set. A quantitative structure-activity relationship (QSAR) of the same series, in regard to their anti HIV, has been studied. The substituents investigated are X= N 3 , H, Cl, F, CH 3 , OCH 3 , COCH 3 and COOH as well as the linearity groups such as -NO, -N=CHAr, and CN. The vibrational spectrum was calculated beyond the harmonic approximation. The correlation analysis of ν OH values failed to correlate with substituent Hammett's σ parameter. The electrondonating groups at C-3' of the thymidine derivatives are more suitable than N 3 group and would increase the electron density on the C 5' -OH group.
Introduction
The discovery of ddT and FddT as potent inhibitors of HIV reverse transcriptase (RT) marked a decisive advance in the search for anti-AIDS drugs. However, the long-term administration of these compounds to AIDS patients is limited by a number of severe side effects 5 and by appearance of drug resistant HIV strains. 6 In the search for new, longer acting, more selective, and less toxic anti-HIV agents, a wide range of 2',3'-dideoxynucleoside analogues have been prepared. 7 Interested by structure-activity relation studies in this area, many researchers initiated a program several years back to examine the influence of substitution at N-3 position of the thymine base of AZT and other 2',3'-dideoxynucleoside analouges on HIV replication. [8] [9] [10] [11] [12] Assuming that such molecules inhibit RT in the same manner as AZT itself, one might anticipate that N-3 substitution would alter base-base interactions at several levels and, in particular, in their capacity to act as chain terminators. 13 Recently, we have synthesized 12 new derivatives of AZT substituted by alkyl and alkylsulphonyl groups at N-3 and C-5', respectively, and were found less cytotoxic to MT-4 cells, than AZT. In connection with our mentioned results, the QSAR and DFT properties of various derivatives of AZT substituted by thio and methyl groups at C-5' as well as AZT itself have been investigated theoretically 14 by applying semi-empirical molecular orbital theory and density functional theory (B3LYP/3-21G). The substituents were: H, SH, SCl, SF 3 , SCN, SOMe, SO 2 Me, SMe, SSMe, SCOMe, SEt, and SO 2 Et. The result indicated that the selected analogues possessed the same electronic properties, and some showed higher activity than AZT. The action mechanism of AZT on HIV-RT is postulated through the phosphorylation of C 5' -OH of AZT to its triphophate followed by the penetration of the immune cell T4 envelope, via CD+ receptor-gp120, resulting subsequently in the inhibition of RT.
Based on these observations, we describe here the IR spectra of a series of 2'-deoxy-3'-substituted-thymidine analogues related to AZT, bearing structurally and electronically diverse substituents at the C-3' position of the sugar ring. 
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Results and Discussion
Infrared Spectra
The calculated vibrational spectrum has proved to be a powerful tool to investigate changes in molecular aggregation, orientation, and structure at the level of functional groups. 16 AZT normal structure showed three nitrogen atoms attached linearly to the furanose ring as indicated in Figure 1 . The optimized structure is corresponding to C 1 molecular point group. The IR spectrum of AZT, calculated by BLYP/DZVP model, is presented in Figure 2a . A weak OH band is raised at 3625 cm -1 , whereas the bending band appeared at a lower frequency (226 cm -1 ) as a weak band. The vibrational bands of NH stretching of the amide I is appeared at 3492 cm -1 , while the N-H bending, which is coupled with the C-N stretching mode (amide II), appeared at 1404 cm Figure 2d and Table 1 , where each band of 1-11 is plotted in comparison to those of AZT to asses the effect of substituent. The OH band (3625 cm -1 ) of 2 and 3 is derived toward higher frequencies, corresponding to Cl and F atoms, and toward the lower frequencies, corresponding to other substituents. Except nucleosides having H and N=CHAr groups (1 and 11, respectively), amide I is slightly shifted toward the higher frequencies, whereas the amide II is shifted toward the lower frequencies. There is no major spectral shifting for the amide I band; while a major shifting in CH vibrations is considered. As AZT interacts with Lipid Stratum Corneum (SC) lipids; changes in the position of AZT bands are noticed, and such changes are due to the formation of hydrogen bonding. 20 Accordingly, we could attribute the changes in the band positions due to the hydrogen bonding in 3022  2981  2982  3002  2977  3011  3021  3029  3027  3024  3027  2967  3005  ----------2969  2965  2936  2969  3002  2992  2972  3005  1056  1013  1009  1029  1010  1044  1005  1096  1017  1008  1011  1012  C=N - CH 2  715  667  811  694  708  560  682  619  799  766  664 1683  1683  1679  1681  1681  1673  1677  1680  1678  1683  1678  1684  Furanose  494  492  389  509  402  443  471  397  459  456  558  583   Table 1 . Calculated IR spectra of AZT and the nucleosides 1-11 with band assignment.
Correlation Analysis
The theoretical analysis of various empirical substituent constants related to intramolecular inductive, resonance, or steric effects, in terms of the quantum-chemical characteristics of the molecules has been of substantial theoretical and pragmatic interest.
21,23
The correlation analysis is failed to show a cross linkage of ν OH against substituent Hammett's σ parameter 24, 25 (Figure 3a) . A Correlation has been shown, however, between σ and ν OH in case of considering the electronic properties of each substituent separately. This has been illustrated graphically in Increasing of oxygen charge of C 5' -OH makes compounds 1-11 more electrophilic and then faster in reactivity with high stereoselectivity. 26 Accordingly, the analogues having electron-donating groups at C-3'
would be more suitable for phosphorylation of C 5' -OH than those of AZT. The final objective of this work is studying the quantitative chemical structure-biological activity relationship (QSAR). The selected QSAR properties of AZT and the nucleosides 1-11 are shown in Table 2 . Table 2 . Selected QSAR properties of AZT and the nucleosides 1-11, where E HYD is the hydration energy in kcal/mol Table 2 showed that Log P is the most important parameter, and considered as a consequence of the activation (hydroxylation) process, as well as involved in the interaction between the tested compounds, the phosphate groups, and the transport of compound derivatives across cell and nuclear membranes.
During the phosphorylation of 1-11, the coefficient of Log P is typically near unity. In such a reactions, there are a number of possibilities in which the coefficient is near -0.80. By considering the variation of these values within a coefficient of 0.19, Log P in Table 2 would be a weak argument for the hypothesis which explains the interaction between C 5' -OH of 1-11 and the phosphate groups.
In addition, surface area (S), volume (V), molar refractivity (MR), hydration energy (E  HYD ) and mass are the main parameters in calculation of the whole structures of the studied molecules. 27, 28 The surface area and volume values explain the hypothesis that the more bulky chemical group would occupies larger values of surface and volume. In the present calculations, the total volume of the studied system are varied between 640.56Å 3 , for compound 1 (ddT, X = H) and 924.24Å 3 for compound 11 (X = NCHAr), while the surface area are varied between 339.10Å 2 and 457.80Å 2 .
The trends of surface area and volume values are quite clear since the more bulky group possess the larger values of surface area and volume. Such trends are feasible to be analysed though small variations values of the studied molecules carrying a similar X group can be witnessed.
The polarizability is expected to be involved in our calculation, since it is directly proportionated to intrinsic molecular volume. The latter is a measure of energy needed to form a cavity in the solvent. Regarding the polarizability influence the more polar compound can be considered as the potent inhibitor which could leave the solvent bulk and absorbed by the phosphate groups, furnishing mono, di-and finally triphosphate analogues. The latter is, in turn, will penetrate into the immune cell T4.
Conclusions
According to the theoretical IR spectra, and correlation analysis, we concluded that the electrondonating groups at C-3' of the thymidine derivatives would increase the electron density on the C 5' -OH group.
